Abstract: Six species of four calcareous nannofossil genera (Ellipsagelosphaera Noël,1965, Watznaueria Reinhardt, 1964, Cyclagelosphaera Noël, 1965 and Tetralithus Gardet, 1955) from the black shale Bazhenov Formation of the West Siberian marine basin are described in layers, transitional from the Upper Jurassic (the Volgian-Tithonian Stage) to the Lower Cretaceous (the Berriasian Stage). Stratigraphically, the presence of the species of all genera in the Bazhenov Formation corresponds to the world data. Three new species (Ellipsagelosphaera bazhenovi Zanin sp.n., Watznaueria sp. and Tetralithus isopelxiros Zanin sp.n. have been determined.
INTRODUCTION
The black shale Bazhenov Formation (Upper JurassicLower Cretaceous) is regarded as a source for the rich oil fields of West Siberia, which attracted the attention of many researchers in the last fifty years (1) (2) (3) (4) (5) (6) . It is distributed in West Siberia in an extensive (more than 1 million sq. km.) area between the Yenisei River region in the east and Urals in the west (Fig. 1) . Its thickness in most cases does not exceed 25-35 m, occasionally reaching 60 m. The main feature of the formation is the high content of organic carbon, which amount reaches in private samples 20% in the central part of the basin, decreasing to the margins. The leading rock-forming inorganic components of the formation are autogenous silica, which is believed to form due to the dissolution of radiolarian shells, clay minerals (mixed-layer illite-montmorillonite, chlorite, kaolinite, less commonly montmorillonite proper), pyrite, and carbonate minerals [1] [2] [3] [4] [5] [6] .
The authors [4, 6] have divided the entire set of rocks of the formation into two groups: clayey-siliceous rocks (including silicites), which are dominant, and mudstones. The rocks of the first group have a higher average content of total organic carbon (11% for the central part of the basin), pyrite (7.8%), quartz (42.6%) and a lower content of clay (20.3%), whereas for the mudstone these parameters are 3.0%, 3.72%, 23.8%, 50.4%, respectively. By combination of features, mudstones are considered as products of rapid turbidite sedimentation, and clay-siliceous rocks the result of slow hemipelagic sedimentation [4, 6] . Stratigraphic position of the Bazhenov Formation is defined from the lower part of the Volgian (Tithonian) to the Berriasian, inclusive of some rejuvenation of the Formation upper boundary in a westerly direction [3] .
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The study of Mesozoic calcareous nannofossils of the region was firstly conducted by Vekshina [7] , who investigated the calcareous nannofossil of Maastrichtian rocks of the West Siberian marine basin. Later, this author [8, 9] described calcareous nannofloras from a part of the Maryanovsk Formation, later formalized as Bazhenov Formation [10] , identifing the following species: Micula exile Vekshina cent. n., Micula culp Vekshina cent. n., Rhabdolithus sp., Zigolithus sp. [8] [9] . It was also noted that these nannofloral assemblages were characterized by very poor preservation. Kontorovich et al. [11] noted indeterminate specimens in thin sections from the same deposits. Gurari et al. [10] interpreted the pelletal limestone of the Bazhenov Formation as calcareous nannofossil oozes, but actually none were identified by the authors.
In recent decades, the Jurassic calcareous nannofossils taxonomy and biostratigraphy were deeply studied in several worldwide regions and oceans: Cuba [12] , North Africa [13] , Ukraine [14, 15] , Britain and France [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , Swizerland and Germany [27, 28] , Eastern Trans-Ural region [29] , Moscow region [30] , Volgian River basin [31, 32] , Mediterranean region [33] [34] [35] [36] [37] [38] [39] [40] , as well as from Altantic and Pacific Oceans through the Deep Sea Drilling Project (DSDP) [41-43 and references therein]. However, limited attention [7] [8] [9] has focused on the Jurassic deposits of the West Siberian marine basin. The materials presented in this study may help to some extent to fill this gap.
METHODOLOGY
The study of calcareous nannofossils was performed using a scanning electron microscope GEO 1430VP. Studied samples were rock chips sprayed with gold. The claysiliceous samples analyzed are characterized by higher content of calcite compared with the mudstone [4, 6] , suggesting also higher content of calcareous nannoplankton. Nannofossils identified in the Bazhenov Formation come from borehole No. 8155 of the North Nivagalskaya area (Fig. 1) , core sample of clay-siliceous rock No. 8155-CH-23 taken at a depth of 2770 meters, from layers dated as upper substages of the Upper Jurassic and Lower Berriasian (V.A. Zakharov and Yu.I. Bogomolov, written communication). The mineralogical composition of this rock sample is pyrite (11.5%), organic matter (13.7%), calcite (21%), clay and silica (54%). Abundance of calcareous nannoplankton is high and six species have been identified. It has to be noted that none of the identified species are identical to those previously described by the precedent author [7] [8] [9] .
SYSTEMATIC DESCRIPTION
Class HAPTOPHYCEAE Christensen, 1962 Suborder COCCOLITHOPHORALES Schiller, 1936 Family Ellipsagelosphaeraceae Genus Ellipsagelosphaera Ellipsagelosphaera keftalrempti Grün, 1975 Material: Seven well-preserved forms.
Diagnosis:
The species is composed of three concentric rings of plate elements which are not deformed, with a small change in the width of the plates from the periphery to the center, a very substantial reduction in the length of the Comparison and remarks: The form considered is completely identical to those described in the literature [44] . Sometimes the family Ellipsagelosphaeraceae is identified with family Watznaueriaceae [16] and based on the rule of priority, the preference is given to the last of these terms, but such a combination of these two families is not accepted by all [17, 18] . This concept is shared by the authors, who accepted the indication [44, p. 80 ] that plate elements of coccoliths Watznueria are crescent-shaped, which does not correspond to the described forms. (Fig. 2c, d ) SEM micrograph.
Material: Six incomplete forms, well preserved.
Diagnosis: Coccolite composed of three weak elliptical rings, the external of which is tilted to the outside, intermediate and internal -to the internal side. Characterized by rounded inner and outer ends of the plate elements of the external ring.
Description: The complete forms of coccoliths of this type are not encountered, but even incomplete forms allow us to give their qualitative description. Coccoliths are slightly elliptical, 3-4 μ in size, composed of three concentric layers, the dimensions of the external elements are drastically reduce towards the inside. The elements of the outer layer of the distal part are inclined outwards, the intermediate Material: Nine forms, well preserved.
The oblong oval form, the large internal opening, the bend of plates composing distal shield in their middle parts.
Description: Coccoliths substantially elliptical shape, with single distal shield, 4 -5 μ in length and 3-4 μ wide. The size of the inner hole 2-2.5 μ long and 1-1.3 μ in width. Plates of elements of proximal shields are bent and their external parts are oriented clockwise.
Comparison and remarks: The species differs from the close to it E. britanica by significant lengthening and the lack of a bridge or other filling in the central area what is often observed for Ellipsagelosphaera britanica. (Fig. 2c) Holotype: Number is not indicated. Original specimen is kept at the Scripps Institution of Oceanography, La Jolla, California.
Material: Five well-preserved forms.
Diagnosis: Proximal single-layer forms formed by radial or close to radial plate elements, closely adjoined to each other without overlapping, and with serrated external borders.
Description: Rounded or very weakly pronounced elliptical shapes of 3.4 to 4.6 μ in size, composed of straight single-layer plate elements, which are located radially or close to radially, slightly inclined in the latter case counterclockwise tight to each other without overlapping or with very weak overlapping, sharply tapering from the edge of the form to the center, with a relatively small inclination of the elements in this direction, with serrated external borders. The length of the plates is 1.1 μ, their width at external boundary part is 0.45 μ, in the central part -0.11 μ. The central area is small (0.5-0.75 μ).
Comparison and remarks: The general structure, similar to the morphology of the plate elements (significant restriction to the center of the form, serrated external borders), their number, the radial orientation and interrelations (tight fit without overlapping each other) are considered to correspond to species Discoaster multiradiatus Bramlette, Riedel, 1954. However, in contrast to this form the described one is characterized by its smaller dimension and its shield morphology. (Fig. 2d) , SEM micrograph 13.07.09/16.
Family Watznaueriaceae nom. subst. Rood et al., 197 Genus Watznaueria Reinhardt, 1964 Watznaueria sp. (Fig. 2c) . SEM micrograph 14.05.07/2-1.
Material: Two well-preserved forms.
Diagnosis: Single-layer elliptical coccoliths, with plate elements that have a kink in their middle part. The outer parts of the elements have a steep slope and are oriented in a counterclockwise pattern and the internal ones are essentially flattened.
Description: Coccoliths slightly elliptical, single-layer, 4 and 6 μ in size, formed by the deformed plate elements, which do not overlap each other. There is a twofold deformation of plate elements. On one hand, they are bent in their middle (in length) at an angle close to 90 degrees, forming a funnel with a wide edge. In the outer parts of the elements, crescent-shaped curves are observed, oriented on the distal side counterclockwise, as well as the orientation of elements themselves in this direction at an angle of 45 o . The width of the plate elements towards the central hole is narrowed considerably. The total number of plate elements is defined as 26. Judging from the inflection in the middle part of the layers, the form is assigned to zigolith.
Comparison and remarks: A close bend of the plate elements is observed in the form Birkelundia arenosa PerchNielsen, 1971 [53, pl. VI, fig. 8 ], but in this species the angle of bend in the middle of the plate is sharp, but not slightly rounded, as in our case. The observed crescent-shaped bend is very weak and corresponds to the marginal outer parts of the plate, but not to the middle ones. Depository: sample 8155-CH-23, Central Siberian Geological Museum, Monograph Section (CSGM MS), Storage 2024, (Fig. 2e) , SEM micrograph 14.05.07/2-1.
Family Braarudosphaeraceae Deflandre, 1947 Genus Tetralithus Gardet, 1955 Tetralithus isoplexiros Zanin, 2012 n.sp. (Fig. 2f) , SEM micrograph.
Material: Five complete well-preserved forms.
Diagnosis: Forms are of true pyramids, with gaps between the joints of edges.
Description:
The forms are composed of four triangular equilateral elements forming pyramides. The width of these elements at their base is 2 μ, the height along the diagonal is 1.8 μ. Along the edges of the pyramid, at the junctions of the elements 0.2-0.3 μ-wide gaps are observed, framed on both sides by needle-like outgrowths on the adjacent sides (edges) of the elements whose length is half the width of the gap. We do not exclude that some of these forms constitute bipyramids (octahedrons).
Comparison and remarks: Such species of coccoliths have not been described previously. Coccoliths of the Tetralithus obscurus Deflandre 1959 are composed of four triangular elements too, sometimes with gaps along the edges of these elements [15] , but forms of these triangular elements are incorrect and they do not form pyramids. (Fig. 2f) , SEM micrograph 15.02.08/10.
DISCUSSION AND CONCLUSION
Calcareous nannofossils are of important stratigraphic significance. We consider from this point of view the forms described above. It concerns genera Watznaueria Reinhardt, 1964 , Ellipsagelosphaera Noël, 1965 , Cyclagelosphaera Noël, 1965 . Authors observed in the Bazhenov Formation the abovestated, coccoliths Ellipsagelosphaera keftalrempti Grün (Fig. 2a) , Ellipsagelosphaera bazhenovi Zanin sp.n. (Fig. 2b) . Ellipsagelosphaera ovata Black (Fig. 2c) . Cyclagelosphaera margereli Noël (Fig. 2d) , Watznaueria bazhenovi Zanin sp.n. (Fig. 2e) , Tetralithus isoplexiros Zanin (Fig. 2f) . In accordance with the publications of various authors the age distribution of Ellipsagelosphaera keftalrempti Grün was specified as the Middle Callovian-Upper Hauterivian [44] , Bathonian-Bajocian [45] , Oxfordian (Watznaueria communis Reinhardt [15] ), Tithonian [29] , Valanginian [46] , the age intervals distribution of Ellipsagelosphaera ovata Black was determined as Upper Tithonian-Santonian [44] , Upper Cretaceous [47] Lower Cretaceous [48] , Dogger-Malm [27] , Valanginian [46] , Kimmeridgian-Tithonian [49] , the age intervals distribution of Cyclagelosphaera margereli was determined as Oxfordian-Maastrichtian [44] , Tithonian [29] , BathonianCallovian and Oxfordian-Danian [53] , Tithonian [52] , Early Tithonian [54] , Kimmeridgian-Tithonian [49] Valanginian [46] , Lower Tithonian to Berriasian [51] , Oxfordian-Albian [55] . Apparently Ellipsagelosphaera keftalrempti Grün characterizes an age interval from the middle of the Middle Jurassic to the middle of the Lower Cretaceous, Ellipsagelosphaera ovata Black -an age interval from the middle of the Lower Jurassic to the middle of the Upper Cretaceous, Cyclagelosphaera margereli Noël -from the upper part of the Middle Jurassic to the upper part of the Upper Cretaceous inclusive. Thus the majority of authors attribute the last form to the Tithonian, and the age interval of existence of other described forms, almost in all cases, except the most rare exceptions, includes this stage. As for the new forms that are discussed in the article (Ellipsagelosphaera Bazhenovi Zanin 2012, Watznaueria sp., Tetralithus isoplexiros Zanin, 2012) they by definition in the Bazhenov Formation should be referred to the TithonianBerriasian boundary.
